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RECOGNIZING PAIN IN BIRDS 

All vertebrate animals share similar neuroanatomic and neuropharmacologic compo¬ 
nents required for nociception, detection, transmission, and response to noxious 
stimuli. Pain is the sensory and emotional experience associated with actual or poten¬ 
tial tissue damage. Pain affects the animal's physiology and behavior to reduce or 
avoid the damage, to reduce the likelihood of recurrence and to promote recovery. 
Assessment of pain must account for species, gender, age, strain, environment, 
and concurrent disease. The type of pain such as acute, chronic, somatic, visceral, 
clinical, or neuropathic also affects the behavior of the bird. Pain is subjective and 
the emotional component is difficult for us to translate because most avian species 
lack facial expression and do not share verbal language with humans. In humans, 
we accept that pain is what the patient says it is, but with birds, people’s perceptions 
of the bird’s behavior determines what is recognized as pain. 

Species variability occurs because of differences in pain sensitivity, the conscious 
response to pain, and the physiologic response to analgesic therapy. Genetic vari¬ 
ability with response to pain has been demonstrated at the individual level and in 
different strains of chickens . 1,2 Behavioral changes can be very cryptic and subtle 
but are often the earliest signs of pain detected by animal care staff or owners. Behav¬ 
ioral change does not manifest uniformly among different species of birds and 
observers must be familiar with the full range of normal behaviors for the species as 
well as the individual. It is important to observe birds at appropriate times for each 
species; for example, observing nocturnal species at night. Without knowing the range 
of normal behavior, an observer will find it extremely difficult to detect abnormal 
behavior, especially in prey species, which often only demonstrate cryptic and subtle 
changes. The outward behavior of a companion bird acclimated to handling does not 
accurately reflect the physiologic changes occurring with stress-related hormones, 
respiratory rate, or body temperature . 3,4 Therefore it can be inferred that a bird in 
pain may also mask physiologic changes associated with the pain. 

Certain behaviors have evolved over thousands of years and have survival value; for 
example, immobility is a common behavior displayed by birds when being observed or 
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examined, making pain evaluation challenging. 5 In chickens, crouching immobility has 
been associated with prolonged pain, stress, and fear responses. When a noxious 
stimulus was applied to ulcerated buccal lesions, chickens remained motionless in 
a crouchlike stance with the head pulled into the body and had significantly fewer alert 
head movements. 6 Removal of feathers from chickens caused a progression of 
behavioral changes from an alert agitated response following the initial removal of 
feathers to periods of crouching immobility following successive removal. 7 

Feather grooming is an avian behavior that runs the full spectrum of change asso¬ 
ciated with pain, both acute and chronic. Grooming activity may decrease when a bird 
is painful, but conversely over-grooming and feather destructive behaviors have been 
associated with chronic pain. In a social species housed with a group, a painful bird 
frequently isolates itself from the others, may sleep apart from the rest of the flock, 
and mutual grooming is often decreased. 4 In some species a display of discomfort, 
illness, or weakness may gain support or protection from conspecifics, but similar 
behavior in another species may attract attention from predators, or lower its status 
in the flock’s social order. 8 Increased grooming activities to themselves or other birds 
can be an intentional distraction. Studies using chickens with experimental arthritis 
demonstrated that shifting attention can reduce painful behaviors and potentially 
reduce peripheral inflammation. 9 

Treating avian pain is limited by the reliability of pain assessment, which remains 
highly subjective, and clinicians often need to rely on indirect measures of pain. Having 
an identified behavior or set of behaviors that correlate with pain provides a response 
that can be used to monitor analgesic therapy. It is difficult to state when a bird’s 
condition is effectively treated if it cannot be measured before and after therapy. 
Nonetheless, having an identified behavior or set of behaviors that correlate with 
pain provides a means to monitor response to pain treatment. Pain scales and score 
sheets are increasingly being used to assess pain in animals, especially when specif¬ 
ically designed for a given species under well-defined conditions. Using pain scales 
requires understanding of normal and pain-related behaviors for the species and indi¬ 
vidual under study. Pain score sheets can help maximize the efficacy of pain scoring 
using behavioral analysis. Score sheet descriptions of behavior must be refined, and 
terms must be clearly defined to reduce observer bias and interobserver variability. 
Once such a system is implemented, well-trained non-veterinary staff can perform 
scoring. These pain scales take time and effort to design. 

Pain is not just a yes/no response, it occurs along a gradient. In lieu of species- 
specific pain score sheets for birds, there is tremendous value in using a generic 
pain scale of 1 to 10 to evaluate a bird’s pain and the response to treatment and 
recovery from a painful condition. In a study completed by one of the authors, pigeons 
were evaluated after orthopedic surgery using a detailed numeric rating scale plus 
a simple 1 to 10 pain scale and there was significant correlation between both 
methods (J. Paul-Murphy, personal communication, July 1,2010). Effective analgesia 
is expected to show a marked, easily discernable change in posture or behaviors that 
will effect a reliable change in the subjective pain score. If no change in pain score 
occurs, then the drugs, dose, or frequency of administration need to be reevaluated 
for that individual patient. 


EVALUATION OF ANALGESICS 

It is difficult to define and recognize when birds feel pain, and it can be even more chal¬ 
lenging to objectively determine whether a pain medication is effective in the avian 
patient. To determine the efficacy of an analgesic in any species, it is important to 
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determine the pharmacokinetic (PK) and pharmacodynamic (PD) properties of the 
drug in that species. Integrating PK and PD data can also provide a basis for selecting 
clinically relevant dosing schedules for subsequent evaluation in disease models and 
clinical trials. 10 When the same dose produces different plasma concentrations in 
different species of birds, the variance is due to PK. When the same plasma concen¬ 
tration produces different responses in different species, the variance is due to PD. PK 
studies of analgesic drugs are insufficient to determine appropriate doses and dosing 
frequencies as plasma concentrations of opioids and nonsteroidal antiinflammatory 
drugs (NSAIDs) do not always correlate with delivery of analgesia. Plasma concentra¬ 
tions provide guidance for dosing frequencies, but it has been shown that duration of 
analgesic effect of a NSAID may be longer than predicted from plasma levels. The PK 
of analgesics vary considerably across all species that have been studied, so extrap¬ 
olating clinical doses and dosing intervals from one species to another species is not 
appropriate. To date, very few PK studies have been published for analgesics in birds 
(Tables 1 and 2). 

Anesthetic sparing studies provide an in vivo PD technique for objective evaluation 
by measuring the reduction in the amount of inhaled anesthetic capable of maintaining 
a minimal level of anesthesia following administration of the analgesic under investiga¬ 
tion. This type of testing has been used in many species to evaluate analgesic drug 
properties, particularly opioids. Although this approach provides meaningful informa¬ 
tion, there are limitations because the anesthetic itself can be a confounding variable 
and when evaluating opioids it is difficult to assess whether an observed effect is an 
analgesic or a sedative response to the drug. 

Assessing the inhibition of serum inflammatory markers may be useful for evaluating 
one aspect of NSAID analgesia, but serum concentrations of markers do not give 
a complete picture of the effect because many inflammatory markers are found at 
the site of inflammation rather than in serum. Acute inflammation models have been 
developed in many species by injecting irritating materials into tissues and measuring 
inflammatory factors in exudates for differences with and without the NSAID. Avian 
patients most commonly produce caseous exudates, making it difficult to collect 
and evaluate peripheral inflammatory markers for evaluation of NSAIDs. Inflammatory 
models are also used to create painful conditions with repeatable behaviors or weight 
bearing that can be quantified such as acute synovitis/arthritis models in chickens and 
parrots. 16 ' 18 ’ 20 ' 24 ' 26,34 In one model the injection of urate microcrystals into the inter- 
tarsal joint caused acute inflammatory arthritis leading to measurable changes in 
weight bearing and lameness. A study with Amazon parrots differentiated significant 
improvement in weight bearing when birds were given butorphanol versus less 
improvement in the same birds given carprofen. 26 Evaluating the response of a bird 
to a painful stimulus, also termed noxious stimulus, with and without analgesics is 
used to determine efficacy when behavioral responses or thresholds can be 
measured. The noxious stimuli used in avian analgesia studies are variable but usually 
include withdrawal thresholds to thermal, electrical, or pressure stimuli. Experimental 
models have been developed in chickens and parrots but these models may not 
extrapolate to pain behaviors relevant to clinical pain. Therefore, the doses and dosing 
frequencies recommended in the published reports should always be critically evalu¬ 
ated case by case when clinically applied. 


PREVENTIVE OR PREEMPTIVE ANALGESIA 

Recent evidence suggests that surgical incision and other painful procedures in 
humans may induce prolonged changes in the central nervous system (CNS) that later 
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Table 1 

Opioid analgesics evaluated in avian species by either pharmacokinetic (PK) or pharmacodynamic (PD) studies 


Drug 

Dosage 
(mg/kg, 
unless noted) 

Route 

Frequency 

Species 

Comments 

Type of 
Study 

References 

Butorphanol 

0.5 

IM, IV (median 
ulnar v; medial 
metatarsal v) 

Single injection 

Red-tailed hawks 
Great-horned owls 

t]/ 2 IV, IM very short (approx. 1-2 h); 
significantly more rapid clearance and 
shorter tv 2 when given IV medial 
metatarsal than IV median ulnar v 

PK 

11 


5 

Oral 

Single dose 

Hispaniolan 

Amazon parrots 

Oral bioavailability<10%; do not 
recommend this route of 
administration 

PK 

12 


2-5 

IM 

Single injection 

Hispaniolan 

Amazon parrots 

PK: low mean plasma concentrations at 

2 h after injection 

PD: withdrawal thresholds to electrical 
stimuli reduced after 2 mg/kg IM 

PK/PD 

13 


1 

IM 

Single injection 

Cockatoos 

African gray parrots 
Blue-fronted Amazon 
parrots 

Isoflurane-sparing study showed 
significant reduction in isoflurane MAC 
in the cockatoos and African grays, but 
not Amazon parrots 

PD 

14,15 


1-2 

IM 

Single injection 

African gray parrots 

Electrical stimuli to assess withdrawal 
thresholds; more significant reduction 
of withdrawal response at 2 mg/kg 

PD 

16 


3-6 

IM 

Single injection 

Hispaniolan 

Amazon parrots 

Electrical stimuli to assess withdrawal 
thresholds; 3 and 6 mg/kg effective 

PD 

16 


2 

IM 

Single injection 

Hispaniolan 

Amazon parrots 

Safe and effective preemptive analgesia 
with sevoflurane anesthesia for 
endoscopy 

PD 

17 
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Fentanyl 


Buprenorphine 


Nalbuphine 


0.02 

0.2 


0.15-0.50 

^ig/kg/min 


0.05-1.0 

0.1 


0.25 

0.5 

0.05-1.0 

12.5 

25 

50 


IM 

SC 


IV 


Intraarticular 

IM 


IM 


Intraarticular 

IM 


Single injection Cockatoos 


Constant-rate Red-tailed hawks 
infusion 


Single injection Chickens 

Single injection African gray parrots 


Single injection Domestic pigeons 


Single injection Chickens 
Single injection Hispaniolan 

Amazon parrots 


PK: rapid absorption and elimination PK/PD 18 

PD: withdrawal thresholds to electrical 
and thermal stimuli. 0.02 mg/kg did not 
affect either threshold; 0.2 mg/kg did 
affect both withdrawal thresholds but 
only some birds; hyperactivity in first 
15-30 min 

Reduced isoflurane MAC 31 %-55% in PD 19 

a dose-related manner, without 
significant effects on heart rate, blood 
pressure, Paco 2 , or Pao 2 

No significant effect on induced arthritis PD 20 

PK: may not achieve effective plasma PK/PD 16 - 21 

concentrations at this dose 
PD: no change in withdrawal response to 
noxious stimuli 

Increased latency period for withdrawal PD 22 

from a noxious electrical stimulus of 2 h 
at 0.25 mg/kg and for 5 h for 0.5 mg/kg 
No significant effect on induced arthritis PD 20 

PK: t 1/2 IM and IV less than 0.35 h PD 23 

Excellent IM bioavailability 
PD: 12.5 mg/kg produced 3 h analgesia; 
higher doses did not increase analgesic 
time 


Abbreviations: CR, care report or case series; IM, intramuscularly; IV, intravenously; PD, pharmacodynamic; PK, pharmacokinetic; TOX, toxicity; t 1/2 , half-life; v, vein. 







Table 2 

NSAIDs evaluated in avian species by either pharmacokinetic (PK), pharmacodynamic (PD) evaluations, toxicologic (TOX) or clinical studies 


Drug 

Dosage 

(mg/kg) 

Route 

Frequency 
(Every hour) 

Species 

Comments 

Type of 
Study 

References 

Sodium 

salicylate 

100-200 

IM 

Single injection 

Chickens 

Arthritis painful behaviors 
partially reduced 1 h after 

ASA treatment 

PD 

24 


25 

IV 

Single injection 

Chickens, ostrich, ducks, 
turkeys, pigeons 

Rapid clearance except long 
t 1/2 in pigeon 

PK 

25 

Carprofen 

30 

IM 

Single injection 

Chickens 

Arthritis painful behaviors 
reduced 1 h after treatment 

PD 

24 


3 

IM 

12 

Flispaniolan Amazon parrots 

Arthritis pain partially 

reduced, effect less than 12 h 

PD 

26 


1 

IM 

Single injection 

Chickens 

Improved locomotion of lame 
birds 1 h after treatment 

PD 

27 

Flunixin 

meglumide 

5.0 

IM 

Single injection 

Mallard ducks 

12-h activity but muscle 
necrosis at injection site 

PD 

28 


5.5 

IM 

24 for 7 days 

Budgerigars 

Severe renal lesions 

TOX 

29 


1.1 

IV 

Single injection 

Chickens, ostrich, ducks, 
turkeys, pigeons 

Chickens had long half-life but 
10 min t 1/2 in ostrich 

PK 

25 


3 

IM 

Single injection 

Chickens 

Arthritis painful behaviors 
reduced 1 h after treatment 

PD 

24 






Ketoprofen 

2.0 

12 

2.5 

5 

2.0 

5.0 

IV, IM, 
oral 

IM 

IM 

IM 

Oral 

IM, IV 

Single injection 

Single injection 

24 for 7 days 
Single injection 
12-24 

Quail 

Chickens 

Budgerigars 

Mallard ducks 

Eiders 

Low bioavailability IM, orally. 
Short IV t 1/2 

Arthritis painful behaviors 
reduced 1 h after treatment 
Renal tubular necrosis 

12-h activity 

Mortality associated with 
male eiders 

PK 

PD 

TOX 

PD 

CS 

30 

24 

29 

28 

31 

Meloxicam 

1 

IM 

12 

Hispaniolan Amazon parrots 

Improved weight bearing on 
arthritic limb 

PD 

32 


0.1 

IM 

24 for 7 days 

Budgerigars 

Renal glomerular congestion 

TOX 

29 


0.5 

IV 

Single injection 

Chickens, ostrich, ducks, 
turkeys, pigeons 

Variable distribution, slow 
clearance except ostrich 

PK 

25 


2 

IM, oral 

Single treatment 

Cape Griffon vultures 

Short t 1/2 . less than 45 min 

PK 

33 

Piroxicam 

0.5-0.8 

Oral 

12 

Whooping cranes 

Used for acute myopathy and 
chronic arthritis 

CS 

J. Paul-Murphy, 
personal 
communication, 
July 1, 2010 


Abbreviations: ASA, acetylsalicylic acid (aspirin); CS, care report or case series; IM, intramuscularly; IV, intravenously; PD, pharmacodynamic; PK, pharmacokinetic; 
TOX, toxicity; t, /2 , half-life. 
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contribute to postoperative pain. This noxious stimulus-induced sensitization can be 
prevented or preempted by administration of analgesic agents before tissue injury. 
This concept is being applied clinically with increasing frequency. Preemptive anal¬ 
gesia with opiates, NSAIDs, and/or local anesthetics can block sensory noxious 
stimuli from onward transmission to the CNS, thus reducing the overall potential for 
pain and inflammation, and potentially improving the patient’s short-term and long¬ 
term recovery. 


OPIOIDS 

Opioids are used for moderate to severe pain, such as traumatic or surgical pain. 
Opioids reversibly bind to specific receptors in the central and peripheral nervous 
system. These drugs are categorized as either agonists, partial agonists, mixed 
agonist/antagonists, or antagonists based on their ability to induce an analgesic 
response once bound to a specific receptor. These drugs may be agonists at one 
receptor type and display antagonist or partial agonist effects at another receptor 
type. The agonist drugs have a linear dose-response curve that may be titrated to 
reach the desired effect, whereas the agonist/antagonist drugs may reach a ceiling 
effect after which increasing the dose does not seem to provide additional analgesia. 
During anesthesia, opioids are used to provide perioperative analgesia that may 
reduce the concentrations of volatile anesthetics (ie, gas anesthesia-sparing effects). 
The most common adverse effects reported with opioids are cardiac and/or respira¬ 
tory depression. In many cases, these drugs may be reversed with antagonists, which 
will also terminate analgesia. The application and doses of several opioid formulations 
have been scientifically evaluated and clinically applied in birds (see Table 1). 

Most opioid analgesics are used parenterally because of poor oral bioavailability 
associated with the first pass effect. Once absorbed, oral opioids first pass through 
the liver where they are metabolized, releasing a significantly lower amount of active 
drug into the general circulation. For example, the bioavailability of 5 mg/kg orally 
administered butorphanol in Hispaniolan Amazon parrots (Amazona ventralis) was 
less than 10% making this route ineffective (see Table I). 12 

Opioids vary in their receptor specificity and efficacy in mammals, which results in 
a wide variety of clinical effects in different species. It is reasonable to presume that 
this opioid variability will also have a wide range of clinical effects in avian species. 
The distribution of opiate receptor types is well conserved across all mammalian 
species in the brainstem and spinal cord, but may vary markedly in the forebrain 
and midbrain. However, even with receptor distribution information in some species, 
it is still difficult to draw firm conclusions regarding the functional roles of different 
opioid receptor types because the physiologic and clinical effects of opioids may 
be influenced by pharmacologic variables such as the commercial preparation of 
opioid and the dose and route of administration, as well as by individual variables 
such as whether the animal has been stressed, injured, or anesthetized. There is an 
overall lack of published data concerning differences in opioid receptor distribution, 
density, and functionality in birds. In pigeons, the regional distribution of |_i, k, and 
5 receptors in the forebrain and midbrain were similar to mammals but the k and 
8 receptors were more prominent in the pigeon forebrain and midbrain than n recep¬ 
tors and 76% of opiate receptors in the forebrain were determined to be K-type. 35 k 
receptors have multiple physiologic functions in the bird and the analgesic function 
of these receptors still needs further investigation. It has been postulated that this 
difference in receptor distribution and density may partially explain why birds do not 
seem to respond to n agonists in the same manner as mammals. However, in day-old 
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chicks, marked dissimilarities to this distribution suggest either age- or species- 
related differences. It has been postulated that birds may not possess distinct |_i 
and k receptors or that the receptors may have similar functions. This may explain 
in part why the isoflurane-sparing effects of |i and k agonists in chickens seemed to 
be similar to mammals. 36 


OPIOID FORMULATIONS 

Morphine is a |i receptor agonist and has not been commonly used in avian medicine. 
Studies on domestic fowl have demonstrated confusing results on clinical doses. For 
example, morphine produced analgesia at high doses (200 mg/kg) in chicks in 1 early 
study using 1 testing strategy, 37 whereas later studies demonstrated analgesia with 
morphine in chicks at doses that approximate the analgesic dose range used in other 
species, however the results were sometimes conflicting. 2 ' 38 Differing analgesic 
responses to morphine have also been detected between strains of chickens 39 
including 1 study that showed analgesic effects in 1 strain at a given dose, whereas 
2 other strains exhibited a hyperalgesic response with the same dose. 2 A study eval¬ 
uating intraarticular injection of 1 to 3 mg morphine in a domestic fowl arthritis model 
found no significant antinociceptive effects but it is unclear whether pH differences in 
synovial fluid may have affected the activity of the drug. 20 

Fentanyl is a short-acting n receptor agonist that has not been commonly used in 
avian medicine because historical investigations with morphine (the standard for n 
opioids) administered to chickens were confusing and clinically inconclusive. Fentanyl 
0.02 mg/kg intramuscularly (IM) did not affect the withdrawal thresholds to electrical or 
thermal stimuli of white cockatoos, 18 however, a tenfold increase in the dose (0.2 mg/kg 
subcutaneously [SC]) did produce an analgesic response, but many birds were 
hyperactive for the first 15 to 30 minutes after receiving the high dose. 18 Fentanyl had 
rapid absorption and elimination in parrots, with mean residence times of less than 2 
hours (see Table I). 18 Because of its short-acting properties, fentanyl delivered via 
constant-rate infusion (CRI) is an excellent choice as an analgesic adjunct to inhalant 
anesthesia in mammals and when used at low doses as a CRI, the authors have found 
fentanyl may also be effectively used in avian anesthetic protocols. Fentanyl adminis¬ 
tered as an intravenous (IV) CRI in red-tailed hawks (Buteo jamaicensis) to target plasma 
concentrations of 8 to 32 ng/mL reduced the minimum anesthetic dose (MAD) of isoflur- 
ane 31 % to 55% in a dose-related manner, without statistically significant effects on 
heart rate, blood pressure, Paco 2 , or Pao 2 . 19 Fentanyl may also be combined with ket¬ 
amine as a CRI thereby reducing the required doses of each. 

Butorphanol is a mixed agonist/antagonist with low intrinsic activity at the n receptor 
and strong agonist activity at the k receptor. There is some evidence to suggest that 
butorphanol does not produce dose-related respiratory depression in contrast to n 
receptor agonists. Adverse effects associated with butorphanol such as dysphoria 
have not been reported in birds. Preoperative butorphanol administration (2 mg/kg 
IM) did not show significant anesthetic (including time to intubation and extubation) 
or cardiopulmonary changes in Hispaniolan Amazon parrots anesthetized with sevo- 
flurane, suggesting that it may be useful as part of a preemptive analgesic protocol 
(see Table I). 17 Earlier isoflurane-sparing studies using 1 mg/kg IM butorphanol in 
cockatoos, African gray parrots (Psittacus erithacus erithacus), and blue-fronted 
Amazon parrots (Amazona aestiva) showed a significant reduction in the MAD for 
the cockatoos and African gray parrots, but not for the blue-fronted Amazon parrots, 
which indicates species variability at that dose of butorphanol (see Table I). 14 ' 15 In 
a study using withdrawal thresholds to electrical stimuli in conscious African gray 
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parrots, butorphanol at 1 to 2 mg/kg showed a decreased withdrawal effect that was 
more significant at 2 mg/kg (see Table I). 16 Butorphanol doses of 3 and 6 mg/kg IM 
had similar analgesic effects on Hispaniolan Amazon parrots (see Table I). 16 Doses of 
3 mg/kg demonstrated significant analgesia, but increasing the dose to 6 mg/kg did 
not increase the effect. 16 Based on these studies, doses of 1 to 4 mg/kg have been 
suggested in birds but empirical dosing frequencies ranging from 2 to 24 hours 
have been published. A recent study evaluating the PK of 0.5 mg/kg butorphanol in 
red-tailed hawks (Buteo jamaicensis) and great-horned owls (Bubo virginianus) found 
half-lives of 0.93 and 1.78 hours, respectively when given IV and 0.94 and 1.84 hours, 
respectively when given IM (see Table I). 11 Likewise, low serum butorphanol concen¬ 
trations were evident in Hispaniolan Amazon parrots 2 hours after single IM adminis¬ 
tration of a 5 mg/kg dose (see Table I). 13 These data suggest that frequent dosing of 
butorphanol may be necessary in birds. This frequency of dosing is in some cases 
impractical because of lack of personnel to provide frequent dosing and the stress 
of frequent handling on the patient. A liposome-encapsulated, long-acting form of 
butorphanol tartrate was recently shown to be safe and effective in Hispaniolan 
parrots for up to 5 days following SC administration, 13 and was also shown to be an 
effective analgesic in Hispaniolan Amazon parrots and green-cheeked conures (Pyr- 
rhura molinae) with induced arthritis. 26 ’ 34 The results from these studies are encour¬ 
aging because a long-acting formulation of butorphanol would allow for both 
reduced frequency in butorphanol dosing and handling of avian patients for drug 
administration. Unfortunately, this formulation is not yet commercially available. 

Buprenorphine is a slow-onset, long-acting opiate with a unique and complex phar¬ 
macologic profile. Buprenorphine is believed to act as a partial |i agonist but its k 
receptor activities are less well defined. Several studies suggest that buprenorphine 
demonstrates k receptor agonist effects but other evidence in mammals and pigeons 
suggests that it also displays some k antagonistic activities. Buprenorphine has 
unusual receptor-binding characteristics that seem to be the result of slow drug disso¬ 
ciation from opioid receptors. Buprenorphine may exhibit a plateau or ceiling anal¬ 
gesic effect; increased doses may result in no additional analgesia, or may have 
detrimental effects. Few studies have been published evaluating the use of buprenor¬ 
phine in birds. One study evaluating 0.05 to 1.0 mg buprenorphine administered intra- 
articularly in a domestic fowl arthritis model found no significant antinociceptive 
effects but it is unclear whether differences in the pH of synovial fluid may have 
affected the activity of the drug. 20 Buprenorphine at 0.1 mg/kg IM in African gray 
parrots did not have an analgesic effect when tested by PD analgesimetry, but PK 
analysis suggests this dose did not achieve plasma concentrations effective for 
humans (see Table I). 16 ’ 21 Pigeons given 0.25 and 0.5 mg/kg IM buprenorphine 
had an increased latency period for withdrawal from a noxious electrical stimulus of 
2 and 5 hours, respectively. 22 Further work is required to determine whether clinical 
efficacy may be obtained using different buprenorphine doses in other avian species. 

Nalbuphine hydrochloride exerts its agonist activity principally at the ic receptor and 
is a partial antagonist at the |i receptor. It is used as an analgesic in the treatment of 
moderate to severe pain in humans and has a relatively lower incidence of respiratory 
depression that does not increase with additional dosing. Nalbuphine hydrochloride 
was rapidly cleared after both IM and IV dosing of 12.5 mg/kg to Hispaniolan Amazon 
parrots and had excellent bioavailability following IM administration, with little sedation 
and no adverse effects (see Table I). 40 The same dose increased threshold values of 
thermal foot withdrawal in this species for up to 3 hours; higher doses (25 and 50 mg/kg 
IM) did not significantly increase the withdrawal threshold values above those of the 
12.5 mg/kg dose. 23 Because of its low abuse potential, this opioid is currently not 
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a Drug Enforcement Administration scheduled substance. Based on the receptor 
activity of this drug, and its potential for minor to few side effects, nalbuphine hydro¬ 
chloride may show promise as an analgesic in pain management protocols in avian 
patients. 


NSAIDs 

NSAIDs are the most common class of analgesic drugs prescribed in small animal 
medicine. NSAIDs are used to relieve musculoskeletal and visceral pain, acute pain, 
and chronic pain such as osteoarthritis. The pharmacologic activity of NSAIDs has 
been reviewed in veterinary articles and textbooks and although most reviews do 
not consider avian applications, it is assumed that the chemistry and mechanism of 
action is similar when administered to birds. 41,42 A broad tissue distribution of cyclo¬ 
oxygenase (COX) has been demonstrated in chickens 43 The relative expression of 
COX-1 and COX-2 enzymes varies between species and both enzymes are important 
in avian pain, but more information is needed to differentiate their physiologic effects in 
avian species. 

The application and doses of several NSAID formulations continues to be scientifi¬ 
cally evaluated as well as clinically applied in birds (see Table 2). As new NSAID 
formulations appear on the human and veterinary pharmaceutical market, the off-label 
use of these drugs in birds will be apparent. The intention of recently developed 
NSAIDs has been to spare COX-1 and emphasize COX-2 inhibition with the goal of 
providing analgesia and suppressing inflammation without inhibiting physiologically 
important prostaglandins. The common NSAIDs used in avian medicine at the time 
of this writing include meloxicam, carprofen, ketoprofen, celecoxib, and piroxicam, 
each with a distinct COX-1/COX-2 ratio and differing reports of effectiveness and 
toxicity in birds. 

The selection of NSAID is determined by the ease of administration best suited to 
the situation; for example, giving an injectable formulation at the time of surgery, fol¬ 
lowed by oral formulation of the same or different NSAID postoperatively. There is little 
scientific support for a washout period when switching NSAIDs. 41 In cases of acute or 
chronic pain there may be a benefit to changing the NSAID and a washout period 
could put the bird at risk of having untreated pain. Only 1 NSAID should be used at 
a time, but in cases of chronic pain the response to therapy needs to be frequently 
reevaluated and the NSAID may need to be changed or augmented with other analge¬ 
sics if response is poor or diminishing. 

To evaluate the analgesic efficacy of an NSAID for avian species, several criteria 
need to be considered. The dose and frequency of NSAID administration depends 
on PD evaluations as well as PK data. Plasma levels are not sufficient information 
to predict the physiologic activity of the NSAID. Antiinflammatory and analgesic 
effects of NSAIDs continue longer than predicted by plasma half-lives. One expla¬ 
nation for the long duration of effect is the high protein binding, such as the 
protein in an inflamed site, which acts as a reservoir for the drug after it has 
been eliminated from the plasma. 44 This leads to persistence of the NSAID in 
inflamed sites longer than in the plasma. An alternate explanation is possible 
biotransformation of NSAIDs leading to active metabolites not being measured, 
however, metabolism of most NSAIDs in mammalian species occurs in the liver 
and the metabolites are generally inactive, and it assumed to be similar in avian 
species. Most NSAIDs are weak acids that are highly protein bound and most 
have a small volume of distribution. There are tremendous species differences 
in drug elimination among the NSAIDs. 
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The best example of avian species variability is the PK study of meloxicam, flunixin, 
and sodium salicylate administered intravenously to chickens, ostriches (Struthio 
camelus), mallard ducks ( Anas platyrhynchos), turkeys (Meleagris gallopavo), and 
pigeons ( Columba livia). 25 All 3 NSAIDs were rapidly eliminated in these species, 
however the volume of distribution was highly variable, which may reflect 
species differences in protein binding. Allometric analysis of the NSAID data in these 
5 species concluded that despite renal filtration of the drugs, allometry is not useful for 
extrapolation of doses between avian species. 25 Although the distribution, half-life, 
and clearance have been characterized for some NSAIDs in a few species of birds, 
this information has not always been of use for predicting safe and effective dose 
regimens. 

Presently accepted PD NSAID studies measure inhibitory concentrations of COX-1 
and COX-2 concurrent with the PK of the drug to derive the clinically optimal and safe 
doses for animals, but these studies have not been done in any avian species. 
However, PD studies have been published describing the effects of ketoprofen and 
flunixin on thromboxane B2 (TBX) concentrations in mallard ducks. 28 Because NSAIDs 
block binding of arachidonic acid with COX enzyme, preventing conversion to TBX, 
plasma TBX is used to estimate the duration of NSAID action. In mallard ducks, flunixin 
(5 mg/kg) and ketoprofen (5 mg/kg) suppressed TBX levels for up to 12 hours, sug¬ 
gesting that their physiologic action may be that long. 28,45 A field study using ketopro¬ 
fen in mallard ducks demonstrated analgesic effects but noted that the onset of 
analgesic effects may be longer than 30 minutes in some ducks. 45 

In vivo measurements use analgesimetry to evaluate the effect of an NSAID under 
physiologic and pathologic conditions and predict clinical outcome. Several anal¬ 
gesimetry models have been used to evaluate the PD of NSAIDs in chickens. Dose 
responses for carprofen, flunixin, ketoprofen, and sodium salicylate for treatment of 
inflammatory pain were determined in chickens using the articular pain model to 
measure the effect on specific behaviors. 24 Sodium salicylate was determined to be 
less effective than the other NSAIDs and large doses of carprofen were needed to 
return to nonarthritic behaviors; minimum effective doses determined in this study 
are listed in Table 2. A similar experimental arthritis model in parrots (Amazona ventra- 
lis) was used to evaluate NSAID treatment by measuring the return to normal weight 
bearing. 26,32 Carprofen (2 mg/kg IM every 12 hours) was less effective than butorpha- 
nol to improve weight bearing on the arthritic limb in parrots. 26 Alternatively, in a similar 
study, meloxicam (1 mg/kg IM every 12 hours) was effective at returning the parrots to 
normal weight bearing on the arthritic limb throughout the 36 hours of observation. 32 


ADVERSE EFFECTS OF NSAIDs 

The most common adverse actions of NSAIDS in mammals include effects on the 
gastrointestinal system, renal system, and coagulation. NSAIDs have recently been 
implicated in humans and mammals with an increased risk of myocardial infarction 
and delays in bone healing, 46,47 but these effects have not been substantiated in birds. 
However, it is prudent to be aware that these adverse effects are often dose depen¬ 
dent and associated with chronic administration. The most common adverse effect 
of NSAIDs reported in avian species is the effect on renal tissue and function. 

Prostaglandins in the kidney have an important role in regulating water and mineral 
balances and modulating intravascular tone. The kidney uses both COX-1 and COX-2 
for prostaglandin synthesis and injury occurs when renal prostaglandin synthesis is 
inhibited. Originally it was hypothesized that the adverse renal effects of NSAIDs 
were linked primarily to COX-1 inhibition, however COX-2-selective NSAIDs may 
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also have a significant risk of inducing adverse effects. COX-2 is constitutively 
expressed in the kidney in chickens, similar to all mammalian species studied and is 
highly regulated in response to alterations in intravascular volume. 43 COX-2 metabo¬ 
lites have been implicated in the maintenance of renal blood flow, mediation of renin 
release, and regulation of sodium excretion. Therefore, in conditions of relative intra¬ 
vascular volume depletion and/or renal hypoperfusion such as dehydration, hemor¬ 
rhage, hemodynamic compromise, heart failure, and renal disease, interference with 
COX-2 activity can have significant deleterious effects on renal blood flow and glomer¬ 
ular filtration rate. In a study using northern bobwhite quail (Colinus virginianus), birds 
were treated for 7 days with a range of flunixin meglumine doses and even the lowest 
dose (0.1 mg/kg) caused glomerular lesions. 48 When budgerigars were treated with 
5.5 mg/kg flunixin meglumine, 2.5 mg/kg ketoprofen, or 0.1 mg/kg meloxicam for 
either 3 or 7 days, plasma uric acid and protein levels did not change but a low 
frequency of glomerular congestion, degeneration, and dilation of tubules occurred. 29 
Lesions were more severe in birds treated with flunixin meglumine for 3 or 7 days with 
increased mesangial matrix synthesis. 29 

The recent massive mortalities in 3 vulture species on the Asian subcontinent led to 
banning of the NSAID diclofenac (DF) on the Indian subcontinent. Common findings of 
diffuse visceral gout and proximal convoluted tubular damage indicated that the site of 
toxicity was the kidneys or the renal supportive vascular system. 49,50 ’ 51 ’ 52 The associ¬ 
ation of DF with vulture mortalities led to several investigations to establish the mech¬ 
anism of toxicity for DF and other NSAIDs in several avian species. The effect of DF on 
inhibition of renal prostaglandins and subsequent closure of the renal portal valves 
was proposed to cause severe renal ischemia and nephrotoxicity. 51 But recent studies 
determined that vulture susceptibility to DF results from a combination of an increased 
reactive oxygen species (chemically reactive molecules containing oxygen such as 
oxygen ions and peroxide), interference with uric acid transport, and the duration of 
exposure. 50 Both DF and meloxicam were found to be toxic to renal tubular epithelial 
cells following 12 hours of cell culture exposure, caused by an increase in production 
of reactive oxygen species; in cultures incubated with either drug for only 2 hours, 
meloxicam showed no toxicity in contrast to DF. 50 DF also decreased the transport 
of uric acid, by interfering with the p-amino-hippuric acid channel. In addition, the 
half-life of DF in vultures (14 hours) is much longer than chickens (2 hours) thus 
exposing vultures to toxic effects of DF for prolonged time periods. 50 


NSAID FORMULATIONS 

Ketoprofen is a potent nonselective COX-1 inhibitor that has been used extensively in 
small animal medicine. The excellent oral bioavailability of ketoprofen in mammals 
makes this drug attractive for oral dosing. However, ketoprofen is most commonly 
used parenterally in birds because of limited oral PK data and difficulty in accurately 
dosing the oral formulation in small species. PK studies evaluating a single dose of 
2 mg/kg ketoprofen given orally, IM, and IV in Japanese quail (Coturnix japonica) 
showed very low oral (24%) and IM (54%) bioavailability of the drug, and the shortest 
half-life reported for this NSAID in any species. 30 Although it is possible that drug 
formulation could account for the low bioavailability of the drug in this study, additional 
studies are needed to determine whether drug formulations or physiologic differences 
between species could account for these differences. PD studies of 5 mg/kg IM keto¬ 
profen in mallard ducks (Anas platyrhynchos) found an overall decrease in the inflam¬ 
matory mediator TBX for approximately 12 hours after administration. 28 This suggests 
that the duration of the antiinflammatory effect in the mallards may parallel that of 


74 


Hawkins & Paul-Murphy 


some mammals studied, therefore further studies in additional species are necessary 
to evaluate the duration of effect and bioavailability of this drug in birds. When keto- 
profen (2 to 5 mg/kg IM) was administered to free-ranging spectacled eiders ( Soma- 
teria fischeri) and king eiders (Somateria spectabilis), 4/10 male spectacled eiders and 
5/6 male king eiders died within 1 to 4 days after surgery. 31 The histologic findings 
included severe renal tubular necrosis, acute rhabdomyolysis, and mild visceral 
gout. Strong consideration was given to the male behaviors during the mating season 
that may have predisposed these birds to dehydration and the adverse effects of COX 
inhibition. 31 

Carprofen can be administered parenterally or orally and is well absorbed through 
the gastrointestinal tract in mammals. The mechanism of action of carprofen has 
not been fully elucidated. It is a weak inhibitor of COX at therapeutic doses and yet 
exhibits good antiinflammatory activity. This weak inhibition of both COX isoforms 
may explain its wide margin of safety compared with other NSAIDs and it may achieve 
its therapeutic effects partially through other pathways. 53 Carprofen given SC signifi¬ 
cantly improved the speed and walking ability of lame chickens in a dose-dependent 
manner 27 An extremely high dose of carprofen of 30 mg/kg IM was needed for anal¬ 
gesia in chickens with experimental arthritis 24 ; this dose is 6 to 10 times higher than 
standard mammal doses. An analgesia study in Hispaniolan Amazon parrots with 
experimental arthritis noted that 2 hours after carprofen administration, lameness 
was markedly improved but the analgesic effect was very short-term because 3 
mg/kg IM of carprofen every 12 hours did not significantly improve the weight-bearing 
load of the arthritic limb for the 30-hour study period. 26 It was noted that 2 hours after 
carprofen administration, the lameness was markedly improved but the analgesic 
effect was very short-term. 26 Much work is needed to determine appropriate doses, 
dosing routes, and dosing frequency of carprofen in birds. 

Meloxicam is a COX-2 selective oxicam NSAID. In recent years, meloxicam has 
become the most widely used antiinflammatory medication in exotic animal practice. 
A survey to determine NSAID toxicity in captive birds treated in zoos reported zero 
fatalities associated with meloxicam, which was administered to more than 700 birds 
from 60 species. 54 Ostriches given meloxicam IV exhibited the most rapid half-life (0.5 
hours) compared with ducks, turkeys, pigeons, and chickens. 25 Meloxicam is 
currently available as an oral suspension and an injectable form. A dose-response 
analgesia study with Hispaniolan Amazon parrots with experimental arthritis deter¬ 
mined that 1 mg/kg of meloxicam IM every 12 hours was necessary to achieve signif¬ 
icant return to baseline weight bearing. 32 Oral administration of 1 mg/kg of meloxicam 
suspension to Hispaniolan Amazon parrots had lower bioavailability than when admin¬ 
istered parenterally, and the highest mean concentration expected to provide anal¬ 
gesia was 6 hours after administration. 55 Japanese quail were treated with 2mg/kg 
of meloxicam IM for 14 days and the changes in complete blood count and serum 
chemistry parameters were minimal; the histologic changes in the kidney were unre¬ 
markable. 56 Clinical recommendations for treatment of parrots with high doses of 
meloxicam needs critical examination of its effect on renal parenchyma. Future 
studies to evaluate PD-PK of meloxicam administered by different routes in different 
avian species is necessary to determine appropriate analgesic doses and dosing 
schedules for meloxicam in avian patients. 

Piroxicam is a nonselective NSAID used for its antiinflammatory properties as well 
as its value as a chemopreventative and antitumor agent. It has a much higher potency 
against COX-1 than COX-2. Piroxicam has good oral bioavailability and a long half-life 
in mammals but PD and PK studies have not been done in any avian species. Despite 
the high incidence of the negative side effects of piroxicam used in humans, there are 
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no reports of its toxicity in birds. It has been used clinically for long-term treatment of 
chronic arthritis in cranes. 57 


REGIONAL ANESTHESIA AND ANALGESIA 

In all vertebrates, including birds, local anesthetics block sodium channels in the nerve 
axon, interfering with the generation and conduction of action potentials along the 
nerve. When local anesthetics are used preemptively, the number and frequency of 
impulses are reduced, thereby reducing nociceptor sensitization, which has the bene¬ 
ficial effect of minimizing central sensitization. Regional infiltration using a local line or 
splash block is the most common method. The subcutaneous space in most avian 
species is very thin so a small-gauge needle is recommended to make several SC 
injections into the operative area. Lidocaine and bupivacaine have been used for 
brachial plexus blockade in a variety of avian species but a recent evaluation of bupi¬ 
vacaine (2 and 8 mg/kg) and lidocaine with epinephrine (15 mg/kg) found neither to 
effectively block nerve transmission in the brachial plexus of mallard ducks, 58 which 
was similar to the significant failure rate reported when studied in chickens. 59 Local 
anesthetics in the form of transdermal patches and creams, epidural infusions, spinal 
blocks, and intravenous blocks have not been reported. 

Local anesthetics are absorbed by the vasculature in the region being blocked. 
Systemic uptake of the local anesthetics can be rapid in birds, and metabolism may 
be prolonged, increasing the potential for toxic reactions. The duration of action 
depends on the molecular properties and lipid solubility of the drug. Neither the 
time to effect nor duration of action has been determined in birds. Dosage recommen¬ 
dations are lower for birds than mammals because birds may be more sensitive to the 
effects of the drug. Chickens given intraarticular injections of high doses of bupiva¬ 
caine (2.7 to 3.3 mg/kg) showed immediate signs of toxicity such as drowsiness 
and recumbency. 60 Other toxic effects reported in birds include fine tremors, ataxia, 
recumbency, seizures, stupor, cardiovascular effects, and death. Toxic effects can 
be acute if accidentally injected intravenously. 

Lidocaine is available as a commercial preparation of 2% (20 mg/mL) and the 
formulation without epinephrine is recommended. Based on empirical use, the recom¬ 
mended dose is 2 to 3 mg/kg, although 15 mg/kg with epinephrine had no adverse 
effects when used for brachial plexus block in mallard ducks. 58 For small birds, 
the commercial preparation may need to be diluted 1:10 or more to achieve an effec¬ 
tive volume for the block. It is unknown whether this dilution provides either the appro¬ 
priate tissue drug levels for analgesia or the expected duration of analgesia. 

Bupivacaine is the most clinically useful perioperative local anesthetic in mammals 
because it is a long-acting local anesthetic. The commercial preparations of bupiva¬ 
caine available are 0.25%, 0.5%, and 0.75% solutions (2.5, 5, 7.5 mg/mL, respec¬ 
tively), and the lower concentration may not need dilution for birds. It has been 
used conservatively in birds because of concerns that toxic effects may take longer 
to resolve as a result of this drug’s longer duration of effect. The recommended 
maximum dose of bupivacaine for mammals is 2 mg/kg, however results from a study 
in which mallard ducks (Anas platyrhynchos) were given bupivacaine (2 mg/kg SC) 
suggested that bupivacaine may be shorter acting in ducks than in mammals. 61 In 
this study, bupivacaine showed a faster absorption versus elimination rate, and 
sequestration and redistribution of bupivacaine was suggested by increases in plasma 
concentrations at 6 and 12 hr after administration making it possible for toxicity to be 
delayed. Higher doses of 8 mg/kg had no adverse effects when used for brachial 
plexus block in ducks. 58 Intraarticular bupivacaine (3 mg in 0.3 mL saline) was effective 
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for treating arthritic pain in 1.5-kg chickens. 60 A 1:1 mixture of bupivacaine and 
dimethyl sulfoxide was applied to amputated chicken beaks immediately after ampu¬ 
tation and feed intake was improved. 62 


OTHER ANALGESICS 

Tramadol hydrochloride is an analgesic that has become popular recently despite 
minimal evidence as to its efficacy. It is active at opiate, alpha-adrenergic, and seroto¬ 
nergic receptors. 63 Tramadol is a weak p agonist but the O-desmethyl metabolite (M1) is 
a much more potent agonist in mammals. Other metabolites including M2-M5 have also 
been described but their analgesic properties, if any, are not yet known. The conversion 
to the Ml metabolite is variable among species but it is known that it is produced in bald 
eagles, red-tailed hawks, (Souza MJ, personal communication, July 1,2010) and His- 
paniolan Amazon parrots. 64,65 It is available in oral and injectable formulations and 
currently the drug is not a controlled substance. In humans, less respiratory depression 
and constipation are seen with tramadol than with p agonist opioids, but there are no 
data to date for other species. The oral (11 mg/kg) and IV (4 mg/kg) pharmacokinetics 
of single-dose tramadol have been evaluated in bald eagles 65 but analgesic plasma 
concentrations for tramadol and its Ml metabolite have not yet been established. 
Oral bioavailability of tramadol (mean ± SD = 97.94 ± 0.52%) was higher than that 
observed in humans and dogs, suggesting this as a useful route of administration in 
this species. Tramadol 11 mg/kg administered orally achieved concentrations in the 
human analgesic range for 10 hours in 5/6 bald eagles; Ml plasma concentrations 
reached the human range only in 2 eagles at much earlier time points. 65 The t V 2 of tra¬ 
madol in bald eagles after oral dosing was 2 times that reported in dogs, but half as long 
as in humans. 65 Until specific analgesic plasma concentrations are known, it is difficult 
to predict how these differences may affect appropriate dosing frequency after 
repeated doses. Mild transient bradycardia was observed immediately after IV admin¬ 
istration in 3/6 birds, but was not considered clinically significant. 65 Although this anal¬ 
gesic holds great promise for use in birds, much work is still needed to evaluate 
appropriate dosing, efficacy, and safety of this drug in different species. 

Gabapentin, a y-aminobutyric acid analogue, has been used to treat neuropathic 
pain in humans for almost a decade. Its exact mechanism of action is unknown, but 
its therapeutic action on neuropathic pain is believed to involve voltage-gated N- 
type calcium ion channels. To date, there is only 1 published report and 2 proceedings 
articles on the clinical use of gabapentin as part of a multimodal therapeutic plan for 
suspected neuropathic pain in birds. 66,67,68 In all 3 reports, self-mutilation appeared 
to be relieved after the addition of gabapentin to the therapeutic regime. 


BALANCED OR MULTIMODAL ANALGESIA 

Combinations of drugs acting at different points in the nociceptive system provide 
a greater effect and potentially less toxicity than individual drugs given alone. For 
example, opioids generally act centrally to limit the input of nociceptive information 
into the CNS, whereas NSAIDS generally act peripherally to decrease inflammation 
thus limiting the nociceptive information that initially enters the CNS. Balanced anal¬ 
gesia with opiates, NSAIDS and/or local anesthetics administered before a painful 
procedure can block sensory noxious stimuli from onward transmission to the CNS, 
thus reducing the overall potential for pain and inflammation. These synergies have 
been demonstrated in laboratory animals and are now being used in the clinical envi¬ 
ronment. Balanced analgesia should be considered in virtually every avian patient as 
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the use of multimodal therapy may maximize analgesic efficacy and minimize indi¬ 
vidual drug toxicity in these patients for which few analgesic data are available. 

SUMMARY 

Avian analgesia is now recognized as a critical component of avian medicine and 
surgery. The need to recognize pain and to provide pain relief is the first step, and 
many anecdotal therapeutic doses have been extrapolated from other companion 
animals. Several published research investigations, using several species of birds, 
have begun to provide avian analgesia therapeutic information for clinical application. 
The challenge is to continue pushing this research forward with appreciation that there 
are approximately 10,000 known species of birds, perhaps 200 species commonly 
kept as pets, and that each species has a range of behaviors as varied as their 
species-specific PKs and PDs for each analgesic drug. 

REFERENCES 

1. Sufka KJ, Hoganson DA, Hughes RA. Central monoaminergic changes induced 
by morphine in hypoalgesic and hyperalgesic strains of domestic fowl. Pharma¬ 
col Biochem Behav 1992;42:781-5. 

2. Hughes RA. Strain-dependent morphine-induced analgesic and hyperalgesic 
effects on thermal nociception in domestic fowl (Gallus gallus). Behav Neurosci 
1990;104:619-24. 

3. Heatley JJ, Oliver JW, Hosgood G, et al. Serum corticosterone concentrations in 
response to restraint, anesthesia, and skin testing in Hispaniolan Amazon parrots 
(.Amazona ventralis). J Avian Med Surg 2000;14:172-6. 

4. Le Maho Y, Karmann H, Briot D, et al. Stress in birds due to routine handling and 
a technique to avoid it. Am J Physiol Regul Integr Comp Physiol 1992;263: 
775-81. 

5. Mathews KA. Pain assessment and general approach to management. Vet Clin 
North Am Small Anim Pract 2000;30:729-55. 

6. Gentle MJ, Hill FL. Oral lesions in the chicken: behavioural responses following 
nociceptive stimulation. Physiol Behav 1987;40:781-3. 

7. Gentle MJ, Hunter LN. Physiological and behavioural responses associated with 
feather removal in Gallus gallus var domesticus. Res Vet Sci 1991;50:95-101. 

8. Graham DL. Pet birds: historical and modern perspectives on the keeper and the 
kept. J Am Vet Med Assoc 1998;212:1216-9. 

9. Gentle MJ, Tilston VL. Reduction in peripheral inflammation by changes in atten¬ 
tion. Physiol Behav 1999;66:289-92. 

10. Lees P. Veterinary advances in PK/PD modelling. J Vet Pharmacol Ther 2004; 
27:395. 

11. Riggs SM, Hawkins MG, Craigmill AL, et al. Pharmacokinetics of butorphanol 
tartrate in red-tailed hawks ( Buteo jamaicensis) and great horned owls (Bubo vir- 
ginianus). Am J Vet Res 2008;69:596-603. 

12. Sanchez-Migallon GD, Paul-Murphy J, Barker S, et al. Plasma concentrations of 
butorphanol in Hispaniolan Amazon parrots (Amazona ventralis) after intravenous 
and oral administration. Proc Assoc Avian Vet Conf 2008;23-4. 

13. Sladky KK, Krugner-Higby L, Meek-Walker E, et al. Serum concentrations and 
analgesic effects of liposome-encapsulated and standard butorphanol tartrate 
in parrots. Am J Vet Res 2006;67:775-81. 

14. Curro TG. Evaluation of the isoflurane-sparing effects of butorphanol and flunixin 
in psittaciformes. Proc Assoc Avian Vet Conf 1994; 17-9. 



78 


Hawkins & Paul-Murphy 


15. Curro TG, Brunson DB, Paul-Murphy J. Determination of the ED50 of isoflurane 
and evaluation of the isoflurane-sparing effect of butorphanol in cockatoos ( Ca- 
catua spp). Vet Surg 1994;23:429-33. 

16. Paul-Murphy J, Brunson DB, Miletic V. Analgesic effects of butorphanol and bu- 
prenorphine in conscious African grey parrots ( Psittacus erithacus erithacus and 
Psittacus erithacus timneh). Am J Vet Res 1999;60:1218-21. 

17. Klaphake E, Schumacher J, Greenacre C, et al. Comparative anesthetic and 
cardiopulmonary effects of pre- versus postoperative butorphanol administration 
in Hispaniolan Amazon parrots (Amazona ventralis) anesthetized with sevoflur- 
ane. J Avian Med Surg 2006;20:2-7. 

18. Hoppes S, Flammer K, Hoersch K, et al. Disposition and analgesic effects of 
fentanyl in white cockatoos (Cacatua alba). J Avian Med Surg 2003;17:124-30. 

19. Pavez JC, Pascoe PJ, DiMaio Kynch HK, et al. Effect of fentanyl target-controlled 
infusions on isoflurane MAD for red-tailed hawks (Buteo jamaicensis). Proc Assoc 
Avian Vet Conf 2010:29. 

20. Gentle MJ, Hocking PM, Bernard R, et al. Evaluation of intraarticular opioid anal¬ 
gesia for the relief of articular pain in the domestic fowl. Pharmacol Biochem Be- 
hav 1999;63:339-43. 

21. Paul-Murphy J, Hess J, Fialkowski JP. Pharmokinetic properties of a single intra¬ 
muscular dose of buprenorphine in African grey parrots (Psittacus erithacus eri¬ 
thacus). J Avian Med Surg 2004;18:224-8. 

22. Gaggermeier B, Henke J, Schatzmann U. Investigations on analgesia in domestic 
pigeons (C. tivia , Gmel., 1789, var. dom.) using buprenorphine and butorphanol. 
Proc Eur Assoc Avian Vet Conf 2003;70-3. 

23. Sanchez-Migallon GD, Keller D, KuKanich B, et al. Pharmacokinetics and antino¬ 
ciceptive effects of nalbuphine hydrochloride in Hispaniolan Amazon parrots 
(Amazona ventralis). Proc Assoc Avian Vet 2010;27-8. 

24. Hocking PM, Robertson GW, Gentle MJ. Effects of non-steroidal anti-inflamma¬ 
tory drugs on pain-related behaviour in a model of articular pain in the domestic 
fowl. Res Vet Sci 2005;78:69-75. 

25. Baert K, De Backer P. Comparative pharmacokinetics of three non-steroidal anti¬ 
inflammatory drugs in five bird species. Comp Biochem Physiol C Toxicol Phar¬ 
macol 2003;134:25-33. 

26. Paul-Murphy JR, Sladky KK, Krugner-Higby LA, et al. Analgesic effects of carpro- 
fen and liposome-encapsulated butorphanol tartrate in Hispaniolan parrots (Am¬ 
azona ventralis) with experimentally induced arthritis. Am J Vet Res 2009;70: 
1201 - 10 . 

27. McGeowen D, Danbury TC, Waterman-Pearson AE, et al. Effect of carprofen on 
lameness in broiler chickens. Vet Rec 1999;144:668-71. 

28. Machin KL, Tellier LA, Lair S, et al. Pharmacodynamics of flunixin and ketoprofen 
in mallard ducks (Anas platyrhynchos). J Zoo Wildl Med 2001;32:222-9. 

29. Pereira ME, Werther K. Evaluation of the renal effects of flunixin meglumine, ke¬ 
toprofen and meloxicam in budgerigars (Melopsittacus undulatus). Vet Rec 
2007;160:844-6. 

30. Graham JE, Kollias-Baker C, Craigmill AL, et al. Pharmacokinetics of ketopro¬ 
fen in Japanese quail (Coturnix japonica). J Vet Pharmacol Ther 2005;28: 
399-402. 

31. Mulcahy DM, Tuomi P, Larsen RS. Differential mortality of male spectacled eiders 
(Somateria fischeri) and king eiders (Somateria spectabilis) subsequent to anes¬ 
thesia with propofol, bupivacaine and ketoprofen. J Avian Med Surg 2003; 17: 
117-23. 



Avian Analgesia 


79 


32. Cole GA, Paul-Murphy J, Krugner-Higby L, et al. Analgesic effects of intramus¬ 
cular administration of meloxicam in Hispaniolan parrots (Amazona ventralis) 
with experimentally induced arthritis. Am J Vet Res 2009;70:1471-6. 

33. Naidoo V, Wolter K, Cromarty AD, et al. The pharmacokinetics of meloxicam in 
vultures. J Vet Pharmacol Ther 2008;31:128-34. 

34. Paul-Murphy JR, Krugner-Higby LA, Tourdot RL, et al. Evaluation of liposome- 
encapsulated butorphanol tartrate for alleviation of experimentally induced 
arthritic pain in green-cheeked conures ( Pyrrhura molinae). Am J Vet Res 2009; 
70:1211-9. 

35. Mansour A, Khachaturian H, Lewis ME, et al. Anatomy of CNS opioid receptors. 
Trends Neurosci 1988;11:308-14. 

36. Concannon KT, Dodam JR, Hellyer PW. Influence of a mu- and kappa-opioid 
agonist on isoflurane minimal anesthetic concentration in chickens. Am J Vet 
Res 1995;56:806-11. 

37. Schneider C. Effects of morphine-like drugs in chicks. Nature 1961;191:607-8. 

38. Hughes RA. Codeine analgesia and morphine hyperalgesia effects on thermal 
nociception in domestic fowl. Pharmacol Biochem Behav 1990;35:567-70. 

39. Fan S, Shutt AJ, Vogt M. The importance of 5-hydroxytryptamine turnover for the 
analgesic effect of morphine in the chicken. Neuroscience 1981;6:2223-7. 

40. Keller D, Sanchez-Migallon GD, Klauer J, et al. Pharmacokinetics of nalbuphine 
HCI in Hispaniolan Amazon parrots (Amazona ventralis). Proc Am Assoc Zoo Vet 
Conf 2009:106. 

41. Papich MG. An update on nonsteroidal anti-inflammatory drugs (NSAIDs) in small 
animals. Vet Clin North Am Small Anim Pract 2008;38:1243-66, vi. 

42. Bergh MS, Budsberg SC. The coxib NSAIDs: potential clinical and pharmaco¬ 
logic importance in veterinary medicine. J Vet Intern Med 2005;19:633-43. 

43. Mathonnet M, Lalloue F, Danty E, et al. Cyclo-oxygenase 2 tissue distribution and 
developmental pattern of expression in the chicken. Clin Exp Pharmacol Physiol 
2001;28:425-32. 

44. Lees P, Landoni MF, Giraudel J, et al. Pharmacodynamics and pharmacokinetics 
of nonsteroidal anti-inflammatory drugs in species of veterinary interest. J Vet 
Pharmacol Ther 2004;27:479-90. 

45. Machin KL, Livingston A. Assessment of the analgesic effects of ketoprofen in 
ducks anesthetized with isoflurane. Am J Vet Res 2002;63:821-6. 

46. Gerstenfeld LC, Thiede M, Seibert K, et al. Differential inhibition of fracture heal¬ 
ing by non-selective and cyclooxygenase-2 selective non-steroidal anti-inflam¬ 
matory drugs. J Orthop Res 2003;21:670-5. 

47. Dajani EZ, Islam K. Cardiovascular and gastrointestinal toxicity of selective 
cyclo-oxygenase-2 inhibitors in man. J Physiol Pharmacol 2008;59(Suppl 2): 
117-33. 

48. Klein PN, Charmatz K, Langenberg J. The effect of flunixin meglumine (ban- 
amine) on the renal function of northern bobwhite quail ( Colinus virginianus)'. 
an avian model. Proc Am Assoc Zoo Vet 1994:128-31. 

49. Oaks JL, Gilbert M, Virani MZ, et al. Diclofenac residues as the cause of vulture 
population decline in Pakistan. Nature 2004;427:630-3. 

50. Naidoo V, Swan GE. Diclofenac toxicity in Gyps vulture is associated with 
decreased uric acid excretion and not renal portal vasoconstriction. Comp Bio¬ 
chem Physiol C Toxicol Pharmacol 2008;149:269-74. 

51. Meteyer CU, Rideout BA, Gilbert M, et al. Pathology and proposed pathophysi¬ 
ology of diclofenac poisoning in free-living and experimentally exposed oriental 
white-backed vultures ( Gyps bengatensis). J Wildl Dis 2005;41:707-16. 



80 


Hawkins & Paul-Murphy 


52. Swan GE, Cuthbert R, Quevedo M, et al. Toxicity of diclofenac to Gyps vultures. 
Biol Lett 2006;2:279-82. 

53. Lees P, Landoni MF. Pharmacodynamics and enantioselective pharmacokinetics 
of racemic carprofen in the horse. J Vet Pharmacol Ther 2002;25:433-48. 

54. Cuthbert R, Parry-Jones J, Green RE, et al. NSAIDs and scavenging birds: poten¬ 
tial impacts beyond Asia’s critically endangered vultures. Biol Lett 2007;3:90-3. 

55. Molter C, Court M, Cole GA, et al. Pharmacokinetics of parenteral and oral melox- 
icam in Hispaniolan parrots (Amazona ventralis). Proc Assoc Avian Vet Conf 
2009;317. 

56. Sinclair K, Paul-Murphy J, Church M, et al. Renal physiologic and histopathologic 
effects of meloxicam in Japanese quail ( Coturnix japonica). Proc Assoc Avian Vet 
Conf 2010;287. 

57. Hanley CS, Thomas NJ, Paul-Murphy J, et al. Exertional myopathy in whooping 
cranes (Grus americana) with prognostic guidelines. J Zoo Wildl Med 2005;36: 
489-97. 

58. Brenner DJ, Larsen RS, Dickinson PJ, et al. Development of an avian brachial 
plexus nerve block technique for perioperative analgesia in mallard ducks 
(Anas platyrhynchos). J Avian Med Surg 2010;24:24-34. 

59. Figueiredo JP, Cruz ML, Mendes GM, et al. Assessment of brachial plexus 
blockade in chickens by an axillary approach. Vet Anaesth Analg 2008;35:511-8. 

60. Hocking PM, Gentle MJ, Bernard R, et al. Evaluation of a protocol for determining 
the effectiveness of pretreatment with local analgesics for reducing experimen¬ 
tally induced articular pain in domestic fowl. Res Vet Sci 1997;63:263-7. 

61. Machin KL, Livingston A. Plasma bupivacaine levels in mallard ducks (Anas pla¬ 
tyrhynchos) following a single subcutaneous dose. Proc Am Assoc Zoo Vet Conf 
2001; 159-63. 

62. Glatz PC, Murphy LB, Preston AP. Analgesic therapy of beak-trimmed chickens. 
Aust Vet J 1992;69:18. 

63. Scott LJ, Perry CM. Tramadol: a review of its use in perioperative pain. Drugs 
2000;60:139-76. 

64. Souza MJ, Sanchez-Migallon GD, Paul-Murphy J, et al. Tramadol in Hispaniolan 
Amazon parrots (Amazona ventralis). Proc Assoc Avian Vet Conf 2010;293-4. 

65. Souza MJ, Martin-Jimenez T, Jones MP, et al. Pharmacokinetics of intravenous 
and oral tramadol in the bald eagle (Haliaeetus leucocephalus). J Avian Med 
Surg 2009;23:247-52. 

66. Shaver SL, Robinson NG, Wright BD, et al. A multimodal approach to manage¬ 
ment of suspected neuropathic pain in a prairie falcon (Falco mexicanus). J Avian 
Med Surg 2009;23:209-13. 

67. Siperstein LJ. Use of Neurontin (gabapentin) to treat leg twitching/foot mutilation 
in a Senegal parrot. Proc Assoc Avian Vet Conf 2007;335. 

68. Doneley B. The use of gabapentin to treat presumed neuralgia in a little corella 
(Cacatua sanguinea). Proc Australian Assoc Avian Vet Conf 2007;169-72. 



